Background The ORACLE II trial compared the use of erythromycin and/or amoxicillin-clavulanate (co-amoxiclav) with that of placebo for women in spontaneous preterm labour and intact membranes, without overt signs of clinical infection, by use of a factorial randomised design. The aim of the present study-the ORACLE Children Study II-was to determine the long-term eff ects on children after exposure to antibiotics in this clinical situation.
Introduction
Preterm birth is associated with later disabilities among surviving children that pose major challenges for public health and education; these problems increase in frequency as gestational age at birth decreases, 1 such that around 25% of babies born before 26 weeks of gestation have serious disability 2 and many children without serious disability have learning or behavioural diffi culties. 3, 4 Observational evidence suggests that perinatal intrauterine infection or infl ammation might have a role in the causation of 13-22% of cases of spontaneous preterm labour (SPL) 5, 6 and infection or infl am mation have been implicated in the genesis of neonatal lung disease 7 and brain injury. 8 Despite a number of randomised trials of the use of antibiotics for women with SPL and intact membranes, no clear evi dence of benefi t has been found and there is some evidence to suggest that such treatment might be associated with increased neonatal mortality. 9 ORACLE II 10 enrolled women who presented with SPL and intact membranes and assessed the use of amoxicillin-clavulanate (co-amoxiclav) 375 mg, or erythromycin 250 mg, or both, or placebo, four times a day for 10 days or until birth (whichever was soonest), by use of a factorial randomised design. Neither antibiotic was associated with any improvement in neonatal mortality or morbidity. In view of the poor predictive validity of neonatal morbidity after preterm birth for childhood outcome, it is important to determine whether there are long-term sequelae associated with the use, or not, of these antibiotic treatments in women presenting with SPL. We report the results of the ORACLE Children Study II (OCS II), which was designed to assess the long-term outcomes for children born in the UK to women enrolled in the original ORACLE II trial.
Methods

Participants
OCS II began in 2002 and sought follow-up information for children at 7 years of age who were born to the 6241 women who completed the ORACLE II trial. 10 Tracing and contact of participants in the follow-up study are described in detail in the accompanying paper. 11 The West Midlands Multi-centre Research and Ethics Committee (MREC) approved the study and the University of Leicester, UK, sponsored the OCS. Oversight was provided by an independent trial steering committee and data monitoring committee, both of which met annually. Those involved in tracing and data entry remained blind to the allocated treatment. All data to assess health and educational outcomes were double entered and subject to validation and logic checks.
Data collection
Data were collected with a parent-completion postal questionnaire, which consisted of the the Health Utilities Index (HUI), 12 from which the Multi-Attribute Health Status (MAHS) is derived, the Strengths and Diffi culties Questionnaire, 13 and specifi c questions on respiratory symptoms, 14 hospital admissions, convulsions, other specifi c medical conditions, and demographic data.
The primary outcome was defi ned as the presence of any level of functional impairment (severe, moderate, or mild) derived from the mark III MAHS classifi cation system 12 within any of the individual attributes of vision, hearing, speech, ambulation, dexterity, emotion, cognition, or pain. Each attribute has either fi ve or six defi ned levels of impairment, ranging from normal function to severe dysfunction. 15 These have been classifi ed further into none, mild, moderate, or severe levels of severity for the individual attributes from the standard algorithms available within the HUI coding/ procedure manual. The overall level of functional impairment was determined by their worst score on any attribute. Sensitivity analyses were also done based on the HUI3 multi-attribute utility scores of overall healthrelated quality of life, 16 which became available after this study had begun.
Secondary outcomes were the presence of three or more abnormal attributes derived from the MAHS classifi cation system and the degree of functional impairment (severe, moderate, mild, none) within the individual domains; the number of deaths between trial entry and discharge and age 7 years; overall and subscale scores derived from the parent-completed Strengths and Diffi culties Questionnaire; the frequency of specifi c medical conditions including CNS problems (cerebral palsy, fi ts/seizures, hydrocephalus with a shunt), respiratory problems (wheezing, medication for asthma), hospital admission (both in the last year and for chest problems), diabetes, bowel disorders, and developmental problems (attention defi cit hyperactivity disorder derived from the Strengths and Diffi culties Questionnaire 17 or parent report), and other development problems.
We used results from national curriculum tests (key stage one), done at 7 years of age to assess the children's educational attainment for residents in England. 18 Such tests are not routinely done in other parts of the UK. At key stage one, all children are awarded a level for each of reading, writing, and mathematics. These include levels three and four, which are above average, level two (the average level awarded to 60-70% of pupils, and which is also subdivided into three sublevels), and below level two, which includes children who attained level one, those who were working towards level one, or who were not entered by the teacher. For all eligible children in England, key stage one level data were provided anonymously by the UK Department for Children, Schools and Families (DCSF), categorised by treatment group.
Statistical analysis
The size of the study was predefi ned by the number of women recruited to the ORACLE II trial. The indicative power calculation in the protocol noted that about 4500 children were expected to be eligible for the followup study. About 3·1% of the children in the any erythromycin group were expected to have three or more abnormal attributes using the MAHS scale.
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Assuming an 85% response rate, this gave 80% power (with two-tailed α=0·05) to detect a prevalence of three or more abnormal attributes in the no erythromycin group of 5% (a relative diff erence between the two groups of 38%). Odds ratios with 95% CI are presented for primary and secondary outcomes in the groups receiving co-amoxiclav (any co-amoxiclav: either with or without erythromycin) and erythromycin (any erythromycin: either with or without co-amoxiclav) separately. Odds ratios approximate relative risks when the risk is low. 19 Logistic models with terms indicating allocation to co-amoxiclav and erythromycin and an interaction term, corresponding to the ORACLE II trial's factorial design, were also fi tted. 20 Since our fi ndings were generally not altered when interaction terms were included, for simplicity they have not been included in models presented in the main tables, but they are available on the internet. Multiple births were treated as being independent in the analyses, Child's age at completion of questionnaire (years)
Child's age at the start of the academic year they sat key stage one tests (years)
Data are n (%) or median (IQR). but sensitivity analyses based on randomly selecting one child were also done. 21 Data from the Strengths and Diffi culties Questionnaire were classifi ed as normal, borderline, or abnormal. Odds ratios and CI for proportions with borderline or abnormal scores are presented. Models with interaction terms are also fi tted as above.
Subgroup analyses were done as specifi ed in the protocol, relating to multiple and singleton pregnancies, and gestational age subgroups used at the time of randomisation (<32 weeks' gestation and <28 weeks' gestation).
Relative risks and 95% CI for key stage one educational data were obtained from Poisson regression models, adjusting for test year. Because of restricted information available from the anonymous summary of these data supplied by the DCSF, sensitivity and subgroup analyses were not possible for these data.
Most of the outcomes presented, including the primary outcome of the follow-up study, can only be assessed in surviving children. Thus the analyses presented are not based on the intention-to-treat principle (ie, by analysis of outcomes in all those entered into the trial). However, the absolute risk of death was low, limiting any potential bias that might be introduced by undertaking the analyses of surviving children only, as pre-specifi ed in the study protocol. There were no clear diff erences in the numbers of deaths in each of the study groups at the end of the ORACLE II trial, but we present sensitivity analyses using a composite death or any functional impairment outcome to confi rm the limited eff ect of including deaths in the analyses.
Informal allowance for the large number of comparisons undertaken is made in interpreting the results throughout. 22 Outcomes for children not assessed may diff er from outcomes for those who were assessed. 23 To explore this, we investigated diff erences between responders and nonresponders for a variety of factors: treatment group, short-term maternal and neonatal outcomes, ethnicity, indices of deprivation from ONS derived from post code, and for those children in England, educational attainment.
Role of the funding source
The study sponsors had no involvement in the study design; collection, analysis, and interpretation of the data; in the writing of the report; and in the decision to submit the paper for publication. DJ and KP had full access to all the data. SK had fi nal responsibility for the decision to submit for publication.
Results
Of the 4473 UK children eligible for follow-up, outcome was known for 3196 (71%): 3052 (68%) parents returned a questionnaire, data were collected from telephone interview or the family doctor for 121 (3%) children (included in the analysis of specifi c medical conditions), and 23 (1%) died (fi gure 1). Women were unaware of their treatment allocation, with the exception of three people who requested this information before returning data for this study. Only 0·6% of data within returned questionnaires were missing. Full key stage one level data were available for 3239 (95%) of the 3394 children in England who had been entered for the tests by 2007. The characteristics of the responders to the question naires were broadly similar to the total population enrolled in the ORACLE II trial (table 1), but mothers in the double placebo group were less likely to be white, and received more postnatal antibiotics than those in the other groups (table 1) .
Children whose outcome was unknown had younger mothers and had less neonatal morbidity (webtable 1), and at least for those in England, were from more deprived areas than those whose outcome was known (webtable 2). More English children whose outcome was un known scored below level two in key stage one tests and were less likely to be white than were those whose outcome was known (webtable 2).
More children whose mothers had received any erythromycin had any functional impairment than did those whose mothers received no erythromycin (table 2) . The proportion of children categorised as having moderate or severe functional impairment, or with three or more abnormal attributes, did not vary markedly between treatment groups, but the proportion of children with mild functional impairment was higher in the any erythromycin group than in the no erythromycin group (table 2) . Findings were similar for the composite outcome of death or any functional impairment (table 3) . Sensitivity analyses based on the HUI3 multi-attribute utility function 16 lead to broadly similar results (webtable 3).
By contrast, there was no diff erence between children whose mothers had received any co-amoxiclav and those whose mothers had received no co-amoxiclav in terms of the proportion of children with any functional impairment; in the categories of mild, moderate, severe, or three or more abnormal attributes; or when functional impairment was combined with death (table 2  and table 3 ).
These fi ndings were supported when fi tting a logistic model with terms for erythromycin, co-amoxiclav, and an interaction between the two drugs (webtable 4); there was no evidence of an interaction in eff ects between the drugs (webtable 4). Results were consistent when missing data were assumed to correspond to a functional impairment (data not shown). Table 4 presents the results of the four treatment groups "inside the table" of the factorial trial; 24 again, increases in functional impairment were seen with the prescription of erythromycin.
The number of deaths (table 3; webtable 5), behaviour (table 5; webtable 6), educational attainment (table 6) , and non-neurological conditions (table 7; webtable 7) did not diff er between children whose mothers had received any erythromycin, compared with those whose mothers had received no erythromycin, except for more chil dren presenting with bowel disorders if their mother had received any erythromycin. Receipt of co-amoxiclav seemed to have no eff ect on any of these out comes, compared with receipt of no co-amoxiclav (tables 3, 5-7).
However, more children whose mothers had received any erythromycin or whose mothers had received any co-amoxiclav had cerebral palsy than did those whose mothers had received no erythromycin or no Data are number of children failing to achieve level 2 or higher (%). Overall relative risks (RR) and 95% CI are from Poisson models for level achieved adjusting for test year, 2002-07. National norms for 2002-07 have been standardised by the numbers of children in the OCS II cohort each year, and suggest that we would expect the following percentages of children to fail to achieve level 2 or above: reading 15%, writing 18%, maths 12%. *No evidence of overdispersion when these Poisson models are fi tted. co-amoxiclav, respectively (table 7) . A logistic model with erythromycin, co-amoxiclav, and treatment interaction terms suggested that there was no evidence of an interaction between the two antibiotics (webtable 7). However, the study is underpowered to test the interaction term and thus further examination of results "inside the table" was done. 24 These analyses suggest that more children who developed cerebral palsy had been born to mothers who had received both antibiotics (35 children) than to mothers who received erythromycin only (18 children), co-amoxiclav only (15 children), or double placebo (12 children). Although there is evidence of an excess risk in the both antibiotics group compared with double placebo (OR 2·91, 1·50-5·65), there is insuffi cient power to exclude an excess risk in those exposed to either drug alone (erythromycin alone: OR 1·42, 95% CI 0·68-2·98; co-amoxiclav alone: 1·22, 0·57-2·62).
In this study the number needed to harm in the any erythromycin group was 64 (95% CI 37-209) and in the any co-amoxiclav group was 79 (42-591). In view of the unexpected excess of cerebral palsy associated with antibiotic prescription, further exploratory analyses of the characteristics of the children with cerebral palsy, and of risk factors for this condition, were done. The excess of cases of cerebral palsy was not off set by a lower number of deaths in the any erythromycin group: death and cerebral palsy were both increased in the any erythromycin group (table 3) . There is no evidence that the children reported with cerebral palsy in the combined antibiotic group were more severely aff ected than were those in the other treatment groups ( Functional impairment outcomes are not available for four children for whom a questionnaire was not returned (one in both antibiotics group, one in erythromycin only group, and two in the co-amoxiclav only group). individual HUI attributes did not show any treatment eff ects; the attributes for which children with cerebral palsy were most commonly categorised as having severe functional impairment were ambulation, dexterity, cognition, and pain (table 8) .
Children with cerebral palsy were more likely to be have been born to women recruited at earlier gestations, and to be born sooner after the enrolment of the mother than were children without cerebral palsy (webtable 8). Maternal antibiotic prescription for postnatal infection was more likely for children with cerebral palsy than for those without; the duration of time from trial entry to birth was more likely to be less than 1 day or between 1 and 10 days for children with cerebral palsy than for those without (webtable 8). Babies with cerebral palsy were more likely to be male and to be admitted to a neonatal intensive care unit than were those without, and, as anticipated, were at increased risk of associated neonatal morbidity (webtable 8).
By contrast with the cerebral palsy group as a whole, more detailed "inside the table" comparisons show more children with cerebral palsy whose mothers had received both antibiotics were entered into the trial between 28 and 32 weeks of gestation than were those whose mothers received one or other of the antibiotics, or who had received placebo (webtable 8). Further examination of this group (24 children) showed an excess in the both antibiotic group of those that had cervical dilation 0 to 1 cm at recruitment, who received the randomised treatment for 10 days, and who were born after 32 weeks (webtable 9).
Subgroup analyses for multiple versus singleton births and for gestation above and below 28 and 32 weeks at randomisation were pre-planned (fi gure 2). The increased risk of functional impairment observed after receipt of any erythromycin is most clearly apparent in singleton births and those children who were born at low gestational age, with sampling variation being larger in the small multiple birth and other gestational age subgroups. Adjustment for maternal baseline, social class, and other factors did not substantially alter the treatment eff ects noted (data not shown). For further analyses, see http:// www2.le.ac.uk/Members/drj/supplementary-materialsfor-papers.
Discussion
In this long-term follow-up of children whose mothers took part in the ORACLE II trial of antibiotics for preterm labour in the presence of intact membranes, we found an unexpected increase in the number of children with any functional impairment who were exposed to erythromycin. Furthermore, we found an increased prevalence of cerebral palsy (as reported by parents) associated with treatment with either antibiotic; there is some evidence to suggest that there is an additive eff ect in the children of mothers who received both antibiotics. Although formal evidence of an interaction between the two antibiotics is lacking, and the power of the study to detect such interactions is low, the excess of children with cerebral palsy born to mothers who received both antibiotics is clear enough to suggest that this should not be dismissed as a chance result of multiple testing. While a Bonferroni correction 24 (based on a family size of ten main comparisons per treatment, as in table 7) might suggest that chance cannot be ruled out as an explanation, there are a number of features that suggest it would be unwise to dismiss the excess of cerebral palsy as a chance fi nding. These include a potential dose-response relationship (if the subgroup receiving both antibiotics is regarded as having received a higher dose of antibiotic), biological plausibility, and possibly specifi city to cerebral palsy. There is also evidence to suggest that the treatment eff ect seen here is not simply a result of a spuriously low rate of cerebral palsy in the placebo group-stratifi ed data from a register of children with cerebral palsy in four counties in the UK suggest that 7·5 cases would have been expected, compared with the 12 cases observed. 25 These results provide strong evidence for the importance of childhood follow-up of perinatal and neonatal trials and interventions.
We chose to obtain proxy information about the children from parents because the size of the study population made individualised assessment both impractical and prohibitively expensive. Where possible we used well validated and standardised instruments, 12, 13 but use of a questionnaire could mean it was not possible to detect more subtle diff erences between treatment groups, nor has it been possible to confi rm the fi ndings. In spite of not having face-to-face contact, we achieved an acceptable follow-up rate of 71% by maintaining regular contact with the women originally entered into the trial. Although we attempted to minimise non-response, disadvantaged groups are over-represented in the nonresponders. There is evidence to suggest that outcomes for children assessed with diffi culty might diff er from those assessed with ease. 23 However, there was no evidence of diff erential response bias and most women remained unaware of their treatment allocation. Despite the response rate being lower than that assumed in the initial power calculation, the increased prevalence of functional impairment resulted in power being increased overall.
The results of this study must be viewed within the clinical context of this group of women. First, the accurate diagnosis of SPL was and remains imperfect, as many women who present with painful preterm uterine contractions do not give birth preterm. This was the case in this study, where almost 64% of women who were entered into the ORACLE II trial gave birth after 37 weeks of gestation. Second, the proportion of women who had subclinical intrauterine infection at the time of randomisation is not known; however, it will probably have been low (13-22% 5, 6 ). Why receipt of antibiotics increased the risk of functional impairment and cerebral palsy in a population at low risk of intrauterine infection is unclear. We suggest a number of pathways, although others will no doubt emerge. Length of exposure to antibiotics for this group of women was fairly long, with 15-20% giving birth within 7 days. 10 An episode of preterm labour which settles could genuinely refl ect an infective episode, where maternal defences-facilitated by antibiotics-overcome the insult, thus prolonging pregnancy, but not necessarily resolving the associated intrauterine and fetal infl ammation. A continuing infl ammatory environment could have led to fetal brain injury and thereby cerebral palsy. Alternatively, cerebral palsy could have resulted from a direct eff ect of the antibiotics themselves; erythromycin, for example, has signifi cant eff ects on the cardiovascular system-eg, arrythmias-which could have led to cerebral ischaemic events and thereby cerebral palsy. 26 It is also possible that the episode of SPL was not associated with infection, but rather with other pathologies within the so-called preterm parturition syndrome, 6 which might have been exacerbated by the antibiotics by as yet undetermined mechanisms.
The results of this study add weight to the argument that we should be vigilant about interfering with systems we poorly understand in the absence of benefi t. For example, there is little known about the eff ect of antibiotics on early patterns of microbial colonisation of newborn children, which might have important, longlasting consequences for early human development. 27 Whatever the causal pathway, the fi ndings in our study, together with concerns about the potential increase in neonatal mortality, 9 support the opinion that antibiotics are not advisable in SPL without clinical signs of infection. Indeed, in the UK, women are not routinely prescribed antibiotics if they have intact membranes, although there are no national guidelines; likewise, in the USA, antibiotics are not recommended in preterm labour. 28 Nonetheless, it is critical that women with evidence of clinical infection are treated with antibiotics, since clinical chorioamnionitis remains an important cause of maternal, fetal, and neonatal death. The results of this study should not lead to fewer women with overt signs of maternal or fetal infection receiving treatment.
